of curve will represent both the parts and the whole. .
In the herring there are great seasonal changes consequent upon spawning. The weight of the gonads reaches a maximum and then falls .abruptly to zero, after which it increases again to the next maximum at the following spawning season. The amplitude of this fluctuation is an increasing one; and, at the suggestion of Dr. J. H. Orton, I have made the following analysis to discover whether a time comes ultimately when the increasing tax of spawning brings about the animal's death. If the successive gonad-ll!axima go on increasing after the general bodygrowth has slowed down, this may be the case; on the other hand, if the growth-rate of the gonads is not greater than that of the body in old fishes, it may be assumed confidently that death is due to other causes.
While at Port Erin in 1925 I made a series of weighings and agedeterminations which provided data exactly suited to the investigatioh of this point, on which this paper is based.
MATERIAL.
The samples of herrings used fall into two series, one from the Irish Sea within a radius of twenty miles of the Chickens Lighthouse, to the .south of the Isle of Man, locally called Calf Herrings,. the other from inshore shoals off Port Erin bay, known as Low Herrings, which spawn slightly earlier. The principal part of this paper deals with the Calf samples, which were more numerous and extend over the whole spawning season. They were obtained from Scottish steam-drifters at Port St. Mary between August 18th and September 25th, 1925.
Within a few hours of landing the fish were measured and weighed, the gonads removed and weighed also. At the same time scales taken c MS from each fish were placed in numbered watch-glasses, and from these age~determinations were made. Scales with more than seven dark winterrings were regarded as unreliable in age-determination, and have been disregarded in curve-fitting.
Fish in other than stages V and VI of maturity could not of course be used, and this, together with the separation of the sexes, reduces the data materially. Tests have been made, however, to show that where conclusions have been drawn, they are mathematically justified. The fact that the curves are not smooth does depend to some extent upon the numbers available, but also very largely on the natural diversity of different year-classes of herrings from the same shoals. From the numbers of each year-class obtained by sampling it is clear that different years offer different chances of survival at least, and probably also of growth; complete homogeneity would not be realized, however great the sample might be. The rate of growth is at its maximum when the fish is about two years old; that is, the point of inflexion of the S-shaped growth-curve occurs at this time. Consequently all the material considered here is situated in the upper portion of the curve, where the growth-rate is continually decreasing. This growth-curve is similar to that of autocatalysis, and has been studied by Pearl (3) . No attempt has been made here at curvefitting, so that it is not possible to say whether the growth of the two sexes can be represented by a single curve, or whether they form two distinct curves. It appears from Fig. 1 that they are, at any rate, very close together, if not identical. The females attain a greater weight in these samples, and apparently a greater age also.
GONAD-WEIGHT.
The growth of the gonads, like that of any other organ, can be represented by a curve similar to that for the whole animal. In Fig. 1 the curve for gonad-weight is on four times the scale of the body-weight curve. The former is displaced to the'right, owing to the initial delay in gonad development, and is at first steeper than the body-growth curve, but after about seven years (five winter-rings) it maintains a fairly constant relation to the body-weight.
The gonad curve is really discontinuous once spawning has occurred for the first time. At this and subsequent spawning times the gonadweight falls abruptly to zero, whence it ie-develops to reach the next datum on the curve in the following season (Fig. 2) . These successive maxima fall on a smooth curve which is independent of the total weight of the body.
The gonads are not the only organs which undergo an annual cycle.
Mr. E. Ford has I{indly placed at my disposal extensive data on the liverweight of the mackerel, which passes through a similar cycle, the maxima appearing just before the spawning season. These maxima also lie on an S-shaped curve. Owing to the difficulty of catching herrings of the same class at all seasons of the year, no investigation has been made of the changes which take place in other tissues of the body, except just before and during the spawning season (Bruce, 1). It appears, however, that even the muscle tissue is depleted to some extent at this time, and that its growth may also be represented by a rhythmic curve with rising VOLUM!; Or::
GONADS.
--- maxima. Thus at least two periodic fluctuations are taking place in the body, whose amplitudes are independent. The total body-weight represents the sum of a differential system of organ-growth.
RELATION OF GONAD-WEIGHT TO BODY-WEIGHT.
The data were divided into weight-groups at 10 gm. intervals. The figure given for the weight is the mid-point of the group, and differs slightly from the mean within the group (Tables V and VI). In Figs. 3 and 4 it will be seen that the points, though somewhat scattered, show a high correlation between gonad-weight and total body-weight, and that the line which fits the points most closely is nearly straight, The correlation coefficients which are worked out below, approach sufficiently near to unity to enable a straight line to be used as a working approximation.
The relation which is important here is that of gonad-weight to bodyweight. Subsequently it will 'be necessary to deduce approximate gonad-weights from body-weights, so that the line to be determined is the regression of gonad-weight on body~weight. Gonad-weight is the dependent -and body-weight the independent variate. This relation, calledthe regressionfunction,is givenby the formula(Fisher, 2) :---
where y is the gonad-weight with mean ii,x is the total body-weight with mean it; and b is a constant to be determined, called the regression coefficient. It gives the slope of the curve. It is important to notice that the regression of body-weight on gonadweight is not the same as the regression of gonad-weight on body-weight. It would be if the correlation between the two variates were complete (i.e. unity), which it is not. In Figs. 3 and 4 both regression lines are drawn, illustrating the difference. The fact that the regression line evaluated and used below does not appear to fit the points perfectly is liable to deceive unless this distinction is realized. For the males it is found that 33+0.266 (x-197'25) =0'266x -16.2 gm..
Though the very close agreement between the regression coefficients of males and females may be fortuitous, there cannot possibly be a significant difference between the two growth-rates. The constants 11.5 . and 16.2, which indicate how far the lines are displaced to the right along the x-axis, differ by nearly 5 gm., and it will be necessary to test the significance of this.
Two 25-gm. groups of values were selected where the mean total weights of males and females are the same.
Take x=222.5 gm. (range of weight from 213-237 gm.). Thus in this case the mean difference between testes and ovaries is about 3.5 gm. The points therefore lie closer together than the average (4.7 gm.); yet this difference is about 2.5 times its own standard error, so that it may be regarded as definitely significant.
Taking two other pairs of values, where x=199 gm., we find the difference of the mean gonad-weights to be 6 gm., with a standard error of 1.56 gm. P is therefore rather more than 0.0001, which means that such figures could be eXplained by coincidence in only one out of ten thousand trials, assuming the samples to be random.
The mean gonad-weightsot the whole sample (<3' 37,26, Q 36.33 gm.) differ by less than a gram. For this reason it might still be thought that the male and female regression lines of gonad-weight on body-weight are virtually identical. Such confusion arises from the fact that, though the ovaries are lighter than the testes in comparable fishes, the females reach a greater absolute size. The range of ova'ry weight is thus extended beyond that of testis weight, bringing the mean relatively higher. The total body-weights at which the mean gonad-weights occur (<3' 186,5, Q 197.2 gm.) make this clear.
Since the regression functions are used extensively in the following pages, and considerable importance attaches to their reliability, tests have been made to show whether or not the departures from straightness of the lines are significant. These are given in an appendix at the end of the paper. I have to. thank Dr. R. A. Fisher for his assistance at this point. His methods have been used throughout this paper, and the sums and calculations are drawn up as nearly as possible on the lines of the examples given in his book (Fisher, 2). In both sexes of the Calf herring which have been tested, the probability of any departures from linear regression being significant is well below the formal limit (5 per cent,).
CONCLUSIONS FROM REGRESSION FUNCTIONS.
Certain deductions may be made from this analysis. The males and females have been found statistically distinct in so far that the testes occupy a greater proportion of the total weight than do the ovaries in comparable fishes. The rates of growth of the gonads with respect to body-weight are, however, the same.
The regression lines obtained are approximations to the facts over the range considered. It is not legitimate to produce them to cut the x-axis at 44 and 61 gm., since the real lines are certainly not straight as will be shown below. It is clear, however, that the female gonads lag behind the male at the initiation of development, a lag indicated by 61-44 gm. For if the two sexes were simultaneous in this respect, either the regression lines would be identical, or they would diverge from a common initial point, with different regression coefficients. This is contrary to the observations made previously.
Nor can the observed sexual difference be due to a difference in specific gravities of testicular and ovarian tissue. If this were the case, the coefficients b1, b2 could not be the same. The regression lines would again diverge for increasing values of x, even if they did not have a common origin.* If the regression equation is applied to the sigmoid gonad curve in Fig. 1 , it will be seen how the approximation breaks down if extended beyond the range of observations. By putting successively y=O, x=O, we should have a curve asymptotic to -11.5 at the lower end, and reaching the value 0 gm. when x=44.0 gm. (for the males). This is of course impossible, but it is easily shown that the origin of the curve is near this point, when x=41 gm. For instance, if the ratio JL is calculated, x the observed ratios are less than the theoretical values at first. which is to be expected if the origin of the real curve is near this point.
The gonads thus start to develop in the summer after the first winter ring is laid down, when the males reach a weight of 35 to 50 gm. It is possible that the females have reached a greater size at this time, which would account for the initial difference in gonad-weight, or that the development of their gonads may be delayed somewhat longer. Spawning fishes were not found amongst the Manx herring less than 95 gm. in weight, or having scales with fewer than two winter rings.
"Low" HERRINGS.
In confirmation of these results, data obtained from samples of the inshore or Low herring have been examined in the same way. The data are not so extensive as those for the Calf type, and were collected rather before the height of the spawning season, from July 21st to 29th. They comprise 234 fish, of which 161 were in Stage V, and thus available for comparison with the other samples; 110 were males, and 51 females.
In the same way as before the regressions of gonad-weight on bodyweight have been determined. These are not thought to be very reliable, * The specific gravities of the fresh gonads of six male and six female herrings about to spawn (Stage V) have been determined from Plymouth material. If anything, the testes are lighter than the ovaries. Sp. Gr. of Testes= 1'07(5); Sp. Gr. of Ovaries= 1'08(4). These are also statistically distinct. The coefficients are again almost the same, though the very slight difference observed is certainly due to coincidence. They are considerably smaller than the same coefficients in the Calf samples, due largely to the earlier stage of maturity found in the present case. Stage V is elastic, embracing for 200 gm. fishes a range of male gonad-weight between 30 and 50 gm.; for this reason there is a notable difference between the earlier and final grades of ripeness found within it.
AGE.
The rate of growth of the gonads decreases with advancing age; and in this sense their increase can be correlated with the number of times the fish has spawned. The more numerous the spawnings, the smaller the annual increase of gonad-weight. Such a correlation would, however, be a false one; for the growth-rate of the gonads is intimately concerned with that of the whole body, which also becomes smaller with advancing age. There is no other connection with the number of spawning seasons. For, if a number of fish of the same weight are taken, their ages will vary over a small range; and it is possible to show that among these the older fish, which have spawned more often, have gonads just as large as, and no larger than the younger ones, allowances being made for the variations of different year-classes. A comparison of fishes of roughly the same weights, but of different ages, is the only method of approach to this question.
In the following Table the two 25-gm. weight groups (200 and 225 gm.) have been combined to illustrate this point. The range of weight is from 188 to 237 gm. The mean observed ratio 'It is given, and also the x theoretical ratio, calculated from the regression formulre. The differences between these are slight, and there is no marked increase in the observed values in the older year-groups, such as would be expected if the size of the gonads went ,on increasing after the general growth had practically ceased.
It may be noticed in addition that the material annually spent in building up the gonad is completely made up before the next season.
For four years after spawning the relative size of the gonad continues to increase (see Table on p. 57); there it remains almost constant, and its actual weight increases in linear proportion to the body-weight.
The end of these four preliminary seasons, during which the relative fecundity is rising, is not a turning-point in the death-r'ate, as far as can be ascertained from the numbers in these and subsequent year-classes.
Both five-and six-ring groups are particularly numerous.
Thus it appears that spawning does not draw on the resources of the fish to a greater extent than can be replaced, with interest, each year. There is no indication of an increasing tax which the fish cannot make up, the effects of which continue to pile up until ultimat~lythey cause its death, in a way that has sometimes been suggested. The growth of the gonads is in harmony with that of the other organs.
There is a notable difference in the absolute sizes of the two sexes. For the Calf typB, the mean weight of the females is 197.25 gm., and for the males 186.5 gm. This, however, does not approach the great difference . found in the flat-fishes or the whiting. Owing to the uncertainty of agedetermination when the rings become crowded, it is not possible to say whether the females attain a greater age also. I wish to thank Mr. E. Ford for his constant advice, and Dr. R. A. Fisher, F.R.S., for his kindness in going over the manuscript.
SUMMARY.
From two series of samples of different populations of herrings from the neighbourhood.of the Isle of Man, data were obtained of the lengths, weights, gonad-weights, and ages of 396 mature fishes. The growths of the whole body and of the gonads were represented by the upper portions of S-shaped curves. The male and female body-weights are nearly the same at any age over the range considered, but the testes of the male are always heavier than the ovaries of the female in such comparable fishes. The females attain a greater size than the males.
The weight of the gonads bears a linear relationship (as a first approximation) to the total weight of the fish over the range of size considered. The regression functions evaluated for the two sexes are y=0'261x -11.5 for the males, and y=0'266x-16'2 for the females, where y is the gonad-weight and x the total weight of the fish, both in grams. The difference between the weights of testes and ovaries in male and female fishes of the same size is therefore about 4.7 gm., which is shown to be significant. It cannot be due to specific gravity of growthrate differences, since the regression coefficient (0'26) is the same for both sexes.
It is suggested that the reproductive organs start to develop in the summer following the laying down of the first winter ring on the scales; and that the initial handicap in female gonad-weight may be due to the males being smaller than the females at this time.
Confirmation of the conclusions drawn from the Calf herring is given by a similar analysis of the Low herring samples.
By a comparison of fishes of the same weight but of varying ages, it is shown that the annual loss of tissue at spawning is completely made up during the next twelve months, and that death cannot be due to the increasing tax of spawning ultimately exceeding the animal's powers of recovery.
REFERENCES. These tests of the straightness of the regression lines follow the method given by Fisher (2, pp. 216-223). The steps of the calculation are arranged consecutively, and are intended to be read in conjunction with Dr. Fisher's book. where a similar case is described in full. Tables 50  and 51 in his example correspond to Table V for the males and Table VI for the females in mine. . . ---- Mean Square.
1.571
E(X-X)2 = 1894.9 E(x-x)(y-y) = 993.2 . [E(x-x) (y_y) ]2 =(993.2)2=520'6.
. . E(X-X)2 1894.9 The probability that any departures from the female regression line are significant is therefore infinitesimal.
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